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Abstract ̶ In this paper, a simulation-based approach was taken to perform sensitivity anal-
ysis on building energy consumption datasets. The aim of the analysis was to assess the capa-
bility of BIM based software for BER certification of new housing units in Ireland. The simu-
lations involved the creation of three distinct model houses, repeated in three different software 
packages. The two BIM software packages chosen for assessment were Autodesk Revit for 
model construction and energy analysis through the Autodesk Insight plugin, and IES VE for 
model construction and energy simulation. The Dwelling Energy Assessment Procedure 
(DEAP) software, approved by the Sustainable Energy Authority of Ireland (SEAI) for BER 
certification in Ireland, was the third software package analysed in the research.  
The modelling approach was to select distinctive parameters within the three initial houses 
and to alter them in such a way as to create model iterations that would have different energy 
performance characteristics. This process was implemented to create 26 distinct models 
through the DEAP and Autodesk Revit software, and 46 model houses within IES VE.  
The study found that the most influential parameters for building energy performance are 
related to building location, occupancy patterns, and space heating schedules. These are pa-
rameters that are not currently assessed in the DEAP methodology and are therefore not ed-
itable within the DEAP software but can be modelled and assessed within both BIM software 
suites. Other influential parameters found within the study relate to overall building size, and 
coverage of primary heating zones.  
The study found that weather station data plays a key factor in overall energy performance. 
The DEAP software was found to be extremely limited with standardized weather data used 
and actual building location not accounted for, with an annual mean external temperature used 
for space and water heating simulations. The BIM software tools were both capable of utilizing 
any obtainable weather station data to simulate localized conditions, utilizing the annual vari-
ances recorded in regional weather stations. 
The DEAP software was found to lack the necessary capabilities to model the shape and 
form of a building, hampering its analysis of deep or shallow floor plans which have an impact 
on solar gains and daylighting analysis. Both BIM packages were found be capable of designing 
to any conceivable shape and design.  
Keywords ̶ BER, Autodesk Insight, IES VE, DEAP, Sensitivity Analysis, Energy Performance Gap 
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I. Introduction 
The introduction of the Energy Performance 
Certificate (EPC) to Ireland in 2007 (Parliament, 
2003a) brought about energy performance evaluation 
and grading for building stock, in order to build a 
database of energy performance and to track and 
promote energy efficiency gains. 
In Ireland, EPC’s are termed Building Energy 
Rating’s (BER), and are administrated by the 
Sustainable Energy Authority of Ireland (SEAI) 
(SEAI, 2012). BER assessments are performed with 
the Dwelling Energy Assessment Procedure (DEAP) 
(SEAI, 2012). This software is used by certified 
professionals to undertake energy performance 
evaluations of dwellings in Ireland by considering 
building-specific characteristics like construction 
materials, geometry, solar penetration, space heating 
systems, etc., but with set occupancy patterns to 
perform a standardized analysis procedure. 
As the methodology behind the DEAP 
simulation excludes variable occupancy patterns and 
plug loads, the EPCs are a mere estimation of energy 
use and are more reflective of a standardized baseline 
than actual energy performance (Majcen, Itard, & 
Visscher, 2013).  
The reliability of an EPC is said to depend 
greatly on the accuracy of the energy performance 
evaluations of independent experts (Tronchin & 
Fabbri, 2012). Inaccuracies can exist in the analysis 
of existing dwellings due to a lack of information 
available (de Wilde, 2014). The DEAP software, used 
to carry out BER assessments in Ireland, is a 
spreadsheet calculation file detached from the actual 
design information, and reliant on correct 
implementation of the user-interface to capture all as-
built information (SEAI, 2012). As the design 
drawings and energy simulation are separate, there is 
increased difficulty in quickly integrating energy 
analysis to the early concept design stage, when the 
selection of building orientation and geometry can 
have a big impact on energy performance (Kuo, 
Hsieh, Guo, & Chan, 2016). 
Building Information Models (BIM) are a 3D 
representation of all aspects of a building design 
including geometry and construction details, and 
enables designers to extract detailed drawings, 
schedules and specifications for construction from the 
virtual building environment (Iddon & Firth, 2013). 
As BIM models provide the platform to perform 
energy analysis and produce project documentation, 
the two processes are integrated and can be performed 
with greater ease at the important early concept 
design stages (Kuo et al., 2016).  
This paper assesses the DEAP software and two 
BIM software programmes, Autodesk Revit 
modelling suite and its Insight energy analysis plugin, 
and Integrated Environmental Solutions Virtual 
Environment (IES VE), for the energy analysis of 26 
model housing units. The assessment uses a 
standardized regression coefficient sensitivity 
analysis to compare the influential parameters of the 
energy performance data sets for each software 
package.  
II. Literature Review 
a) EPC’s: A European Context 
The EPC was introduced in directive 
2002/91/EC, and updated through directive 
2010/31/EU, to measure the energy performance of 
building stock within the EU and to assign ratings 
based on a common grading scheme (Parliament, 
2003b). There is no rigid calculation process outlined 
within the directive, with methodology left to each 
member state, but a common approach carried out by 
trained professionals is required.  
b) BER in Ireland 
BER certificates and the certification of  
assessment personnel  is administered by the SEAI 
(SEAI, 2012). The evaluation scheme was first 
implemented in Ireland for all new dwellings from 1st 
of January 2007 following the passing of the EU 
Directive on Energy Performance into Irish Law 
(Communities, 2006). The compulsion for BER 
adoption extended to all dwellings listed for sale or to 
let by the 1st of January 2009 (SEAI, 2012).  
The evaluation uses standardised assumptions 
for occupancy and heating patterns (SEAI, 2012, 
2017). Parameters that are calculated using data 
linked to the subject dwelling include: thermal 
characteristics, heating plant installation and hot 
water supply, ventilation, built-in lighting installation, 
geometry and orientation, and contributions from 
onsite renewable energy sources.  
The exclusion of plug in appliances, quantity 
and energy rating, and the implementation of standard 
occupancy contributes to a calculated rating that is not 
exact to actual energy consumption (Curtis & 
Pentecost, 2015). The BER is indication of energy use 
rather than a detailed calculation of total building 
energy consumption, and is recognised by the SEAI 
as such (SEAI, 2012). Actual energy consumption 
depends on factors such as occupancy profile, heating 
patterns, plug-in load profile and frequency of use, 
and fluctuating external environmental conditions (de 
Wilde, 2014). 
As the DEAP software is a detached spreadsheet 
from the design documentation of new buildings, 
there is a process gap in the transfer of information. 
This process requires manual input from trained 
personnel, increasing the chances of incorrect data 
being used during the simulation stage due to human 
error (de Wilde, 2014).  
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c) Energy Performance Gap 
Research throughout Europe has shown that 
there is an identifiable energy performance gap be-
tween predicted energy use and actual energy use of 
buildings (Curtis & Pentecost, 2015; Freire-
González, 2017; Galvin, 2014; Gill, Tierney, Pegg, & 
Allan, 2010; Hens, Parijs, & Deurinck, 2010; 
Magalhães & Leal, 2014; Sunikka-Blank & Galvin, 
2012).  
Contributing factors to the gap include the “pre-
bound” and “rebound” effects. Prebound refers to a 
dwelling that uses less energy than is indicated on its 
EPC (Magalhães & Leal, 2014). European studies 
have found that a prebound effect is more common to 
dwellings with a poor EPC (Droutsa, Kontoyiannidis, 
Dascalaki, & Balaras, 2016).  Conversely, the oppo-
site effect is observed in newer dwellings with a good 
EPC, and is termed the rebound effect (Galvin, 2014). 
The term expresses the proportionate increase in en-
ergy consumption in tandem with increases to overall 
system energy efficiency.  
The reasons for prebound and rebound are var-
ied. One such scenario was discussed by Gatersleben 
et al. (Gatersleben, Steg, & Vlek, 2002), who show in 
their research how people with higher pro-environ-
mental attitudes tend to be highly educated and part 
of the higher society demographic, leading to in-
creased access to energy consuming appliances, and 
in turn higher levels energy consumption. Research in 
Ireland observed that better insulated homes tend to 
be owned by people with higher incomes and that the 
energy saved is mostly offset by the increased rate of 
energy intensive appliances (Leahy & Lyons, 2010). 
On the opposite end, people with lower incomes 
tend to have access to smaller homes with poor ther-
mal envelopes (Galvin, 2014). In many cases, this 
building characteristic tends to lower the comfort 
level expectations and results in heating setpoints at a 
lower temperature, leading to lower gas or oil use 
(Jones, Fuertes, & Lomas, 2015). Studies have also 
concluded that lower income dwellings tend to use 
less electricity (Bedir, Hasselaar, & Itard, 2013; 
Sanquist, Orr, Shui, & Bittner, 2012; Wiesmann, 
Lima Azevedo, Ferrão, & Fernández, 2011; Wyatt, 
2013; Zhou & Teng, 2013), partly due to a lower level 
of appliance ownership.  
Other reasons for EPG are to do with misuse of 
information at the design stage, and/or errors and in-
consistencies at the modelling and energy simulation 
phases of construction projects (de Wilde, 2014). Ir-
respective of the chosen software for energy analysis, 
users require sufficient expertise and experience, 
along with the required building information.  
d) BIM 
BIM is presently one of the most promising 
developments in the AEC industry, and involves the 
digitisation of a virtual building environment for 
managing all phases of a construction project 
(Eastman, 2011), opening up possibilities that can 
improve aspects of the industry (Shadram, Johansson, 
Lu, Schade, & Olofsson, 2016).  
BIM software provides the opportunity to 
analyse building energy performance efficiently 
through enhanced computational simulations within 
the building design software (Egwunatum, Joseph-
Akwara, & Akaigwe, 2016; Negendahl, 2015). The 
integration of building design tools with building 
performance tools streamlines the iterative processes 
required for early stage analysis feedback loops (Lu, 
Won, & Cheng, 2016). As BIM software can combine 
these processes with either file transfer through 
authorised schema, or by deploying a software suite 
capable of both, manual inputs prone to human error 
are reduced (Lu et al., 2016). 
e) Autodesk Revit 
Autodesk Revit is a BIM package for architects 
and engineers which enables the modelling of 3D data 
rich simulated environments, from which design and 
construction drawings can be produced, and from 
which energy analysis can be performed (Kirby, 
Krygiel, & Kim). Revit models are capable of placing 
a building within a specific geographic location in 
order to utilize local weather station data, and to link 
adjacent buildings and objects to assess impacts on 
solar shading and gains (Kirby et al.). Building 
construction materials, occupancy density and 
schedules, and energy systems plant are all 
considered within the energy analysis (Kirby et al.). 
f)    IES VE 
IES VE is a market leading energy analysis 
software package for the AEC industry, capable of 
non-steady state conditions for dynamic energy and 
environmental simulation results (Mohammad & 
Shea, 2013). IES VE can simulate the interactions 
adjacent objects such as neighbouring buildings will 
have on the assessed building energy and 
environmental performance.  
IES VE suite does not provide a platform to 
produce project documentation such as detailed 
construction drawings and materials schedules 
(Reeves, Olbina, & Issa, 2012). This aspect of the 
suite creates an extra step in terms of data gathering, 
and model building and simulation.  
To get over this hurdle, IES VE can import 
design information through the gbXML and IFC 
schemas (Arayici, Fernando, Munoz, & Bassanino, 
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2018; Reeves et al., 2012). This import opens the 
possibility for interoperability with design 
information created with BIM authoring software 
such as Revit. The import and export process are not 
without problems though, and work needs to be done 
to ensure that the possibility for a loss of data in 
transfer does not occur (Arayici et al., 2018; 
Cemesova, Hopfe, & McLeod, 2015; Choi, Shin, 
Kim, & Kim, 2016). 
g) Solar Gains 
Solar gains are accounted for within the DEAP 
software and are based on solar incidence levels 
across differently orientated surfaces, measured with 
long-term average weather data from Dublin airport’s 
weather station (SEAI, 2012). 
The DEAP and BIM software use different 
analysis procedures for solar gain through windows. 
DEAP takes each window individually with the aid of 
average solar data. The software is reliant on the user 
to plug in the correct information for shading and 
orientation (SEAI, 2012). BIM software creates a 
detailed building simulation that analyses all window 
and door types in conjunction to create a more 
accurate measure of solar gains (Urbikain & Sala, 
2009).  
Hachem et al. (Hachem, Athienitis, & Fazio, 
2011) state that a housing development should 
consider three factors when designing a residential 
neighbourhood with solar energy in mind, 1) building 
shape, 2) building positioning and mutual shading, 3) 
overall street shape. A building shape cannot be 
modelled within DEAP. The constraints available to 
the user allow for floor areas, number of storeys, and 
average storey height, as shown in figure 1 below.  
 
 
Figure 1 DEAP model house shape constraints 
BIM software applications can model data rich 
parametric models of almost any conceivable shape 
and size (Eastman, 2011). Figure 2 below 
demonstrates a daylight analysis carried out in IES 
VE which takes advantage of the simulated properties 
for building orientation, solar gains and shading, 
window size and light transmittance, and room shape 
and depth.  
 
Figure 2 IES VE daylight analysis 
h) Artificial lighting 
Lighting analysis within the DEAP software 
focuses on the percentage of low energy lamps 
installed within a dwelling, in conjunction with the 
level of daylight penetration to the building interior 
(SEAI, 2012).  
The DEAP software does not, however, allow 
for the consideration of advanced lighting control 
which could be installed to further limit the energy 
use of the artificial lighting within the dwelling. This 
simulation will perform calculations within the Auto-
desk Insight and IES VE models to study the effects 
of advanced lighting control, such as daylighting dim-
ming sensor devices, and to record the resulting 
changes in energy consumption.  
Sensitivity analysis carried out on the influence 
of building construction parameters found that a non-
linear and complex relationship exists with building 
energy and orientation (Delgarm, Sajadi, Azarbad, & 
Delgarm, 2018). The study finds, however, that to 
gain maximum benefit from solar gains for space 
heating, the living areas of the building should have 
southerly facing glazing, while the lighting gains 
would benefit from an easterly or westerly orienta-
tion. Research on the importance of such factors on 
homes in the UK found  that the orientation of a 
dwelling was a significant factor to energy consump-
tion variance between similar homes (Stone, 
Shipworth, Biddulph, & Oreszczyn, 2014).  
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i)    Space Heating 
Research undertaken by EuroAce across 
residential stock in the Northern European residential 
sector has determined that 57% of the energy 
consumed in dwellings is for space heating, 25% for 
hot water, 11% for lighting and electrical appliances, 
and 7% for cooking (Itard & Meijer, 2008). The study 
found that large variations in these figures are present 
depending on the geographical region, but a common 
theme is that energy consumption within the 
residential sector is almost proportional to the overall 
floor area.  
Space heating within DEAP is calculated using 
an ideal heating system technique (SEAI, 2012). The 
method utilizes monthly external temperatures, 
summarized in table 1 below, and calculates the 
amount of thermal energy required to heat the internal 
spaces to the set heating points. 
Table 1 Mean External Temperature Data (SEAI, 
2012) 
Annual Mean Temperature 9.9℃ 
Heating Season (Oct-May) 7.6℃ 
 
As the monthly mean temperature data is 
standardized throughout DEAP simulations, there is 
no acknowledged variance for regional data (Hunter, 
Hoyne, & Noonan, 2017). Historical weather data 
obtained from the meteorological service in Ireland 
shows that variances are recorded at weather stations 
in various locations throughout Ireland, with an 
annual mean temperature of 11.2℃ recorded in 
Glasnevin in 2017, and of 11.3℃ at Sherkin Island in 
2016 (Eireann, 2018). These example variations, of 
13% and 14% respectively, would lead to errors in 
heating demand calculations for buildings in the areas 
which do not align to the 9.9℃ that the DEAP 
software applies (Layberry, 2008).  
IES VE utilizes historical weather data files 
from Energy Plus, with data available from 7 weather 
stations throughout Ireland and over 2100 stations 
worldwide (Plus, 2018). Autodesk Insight uses Green 
Building Studio in the background operations, with 
weather data sourced from local weather stations and 
virtual weather data (Autodesk, 2014). 
Weather data plays a key role in the analysis of 
building energy simulation, as discussed by Iversen, 
et al. Gupta and Gregg, and Nielsen (Gupta & Gregg, 
2012; Iversen, Svendsen, & Nielsen, 2013; Layberry, 
2008). The variances in weather data from station to 
station will alter the solar gains and mean external 
temperatures from region to region, a factor not 
considered in DEAP software, which smooths out 
such variances across Ireland (Hunter et al., 2017). 
Prudence should be given in the selection of weather 
data files, with different sources providing different 
levels of accuracy (Erba, Causone, & Armani, 2017). 
j)    Renewables 
Under the latest revision of the building 
regulations in Ireland, certain requirements must be 
met to achieve compliance regarding renewable 
energy systems for dwellings. To achieve compliance, 
the minimum contribution of renewable energy 
sources to a dwelling should be (Ireland, 2017); 
- 10 kWh/m²/yr. contributing to energy use for 
domestic hot water heating, space heating or 
cooling, or 
- 4 kWh/m²/yr. of electrical energy, or 
- A combination of both 
k) Sensitivity Analysis 
The regression based, SRC (Standardized 
Regression Coefficient) sensitivity analysis is 
implemented in building energy analysis projects due 
to its reliability in the field of building energy 
assessment (Tian, 2013). The SRC method substitutes 
independent parameter data units and their values 
with a unit of comparable value. The higher a SRC 
value for a given parameter, the more important the 
variable (Yang et al., 2016). The SRC sensitivity 
analysis is used to determine the most influential 
parameters for the sets of model simulations.  
A quantitative estimate of linear correlation can 
be determined in Microsoft Excel through calculation 
of a correlation coefficient between the parameters 
input and output values (M Hamby, 1994). A larger ‘r’ 
value indicates a strong correlation between the 
input/output relationship (AGENCY, 1989).  
The significance of the analysis revolves around 
the relationship between the correlation of variances 
and the outputs, with a critical ‘p’ value of 0.05 
assumed as the threshold to reject the null hypothesis 
(Hryniewicz, 2018). For this research, the SRC 
analysis was carried out with several iterations for 
each set of results. Upon the completion of an SRC 
analysis, the parameters with a p value more than 0.05 
were removed from the next iteration of the analysis. 
When the SRC provided variances that satisfied the 
null hypothesis, the resulting variable parameters’ 
coefficients were used to highlight the most 
significant variables for that dataset.  
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III. Methodology 
To contrast and compare the three distinct 
software packages, a set of energy models was created 
in each, and set out as shown in figure 15 within the 
appendices. The models have varying input 
parameters, and the simulation results have been 
assessed through a sensitivity analysis.  
 
 
Figure 3 Research flow chart 
a) Input Factors 
The houses modelled for simulation are 
representative of new houses in Ireland, adhering to 
TGD Part L document for energy performance 
(Ireland, 2017). The building fabrics comply with the 
minimum guidelines for thermal properties, and the 
dwellings’ energy performance is supplemented with 
a photovoltaic (PV) array mounted on the south 
facing roof of each dwelling.  
The energy performance of the dwellings has 
been analysed by monitoring changes to the 
parameters listed in table 2 below; 
Table 2 Model variables and notations 
Variable Parameter (x-function) 
LO Building Location 
BA Building Floor Area 
LA Living Spaces Floor Area 
SS No. Sheltered Sides 
S No. Storeys 
EL Lighting Density (W/m²) 
EP  Small Power density 
O No. Occupants 
HS Heating Schedule 
HSP Living Space Set Point (℃) 
UA Sum of Fabric Heat Loss (W/K) 
GA Glazing Area (m²) 
ORL Orientation to North - Living Space 
ORPV Orientation to North - PV Array 
 
Output (y-function) 
ETOT Total Primary Energy (kWhr/m²/yr.) 
The model houses have several varying 
parameters per simulation iteration. The houses are 
labelled depending on house type, A B or C, and are 
notated with a number i.e. House A4.  
b) Creation of Energy Models 
The first step of the modelling process was to 
select house styles to form a template. For this, a 
newly built housing estate located in south Dublin 
was chosen. The house styles, dimensions, and setting 
out, have been modelled to simulate a housing estate 
(Residential, 2017). These house samples, which 
have provided a basis for the design of type A, B and 
C models, can be seen in the Appendix of this report. 
The house types basic details are shown in table 3 
below; 
Table 3 Model Type Basic Details 
House 
Ref. 
Type Floor 
Plan 
A 4 bed semi-detached 178m² 
B 3 bed semi-detached 139m² 
C 3 bed detached 139m² 
 
The houses were first modelled within Revit and 
a detailed schedule of materials was generated for 
each house. These schedules provided the numerical 
data which was input into the corresponding DEAP 
simulations. This process enabled similar simulations 
to be conducted as fundamental details like 
dimensions, construction materials, and mechanical 
plant were copied across each software package. 
The DEAP models use a standardized annual 
mean temperature (SEAI, 2012), rendering the loca-
tion unimportant. The Revit models have been mod-
elled to the coordinates shown for Casement in table 
4 below. The IES models have been modelled with 
varying locations to utilize different weather data 
files.  
Table 4 Model Locations 
Weather 
Station 
1.Casement, 
Dublin 
2.Valentia 
Island, 
Kerry 
3.Malin 
Head, 
Donegal 
Latitude 53.3 51.93 55.37 
Longi-
tude 
6.43 10.25 7.33 
 
Revit models have been linked together within a 
site model. The purpose of this was to simulate 
adjacencies of semi-detached and sheltered sides of 
houses. Modelling within a coordinated estate also 
allowed for the correct alignment of positioning of the 
houses with the aim of correctly simulating the 
changes to solar gains. The type A and B houses have 
been modelled with adjacent buildings in IES VE.  
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PV arrays were modelled into each simulation. 
For Revit, the Insight application allows for the 
simulation of energy input from a PV source by 
utilizing the model conditions. These conditions 
include location and orientation, weather data, 
available roof space for a solar array, and local 
shading.  
For DEAP models, the values shown in table 10 
in Appendix B were used for solar irradiance levels in 
conjunction with both the available roof space for an 
array and the orientation. These parameters were 
provided by the schedule details from Revit. The 
formula for calculation of PV generated energy is; 
PVE = 0.8 x kWp x S x ZPV            (1) 
In equation (1) PVE is the energy produced 
annually in kWhr/yr., kWp is the peak power of the 
solar unit, S is the solar irradiance, ZPV is oversharing 
factor. Where kWp is unknown a figure of 0.06 
kWp/m² is used  (SEAI, 2012). This figure has been 
used in the estimations for DEAP and IES models.  
IES models can be assessed for solar irradiance 
by using the orientation, location, and local shading. 
It is then up to the user to calculate the available input 
energy with solar panel efficiency data and array size.  
For this exercise, the same methodology has been 
used for the IES models PV analysis as was used on 
the DEAP models, but with updated values for solar 
irradiance that have been obtained from the IES VE 
simulations.   
l)    Heating Schedule 
The heating schedule programmed as default 
into the DEAP software is shown in table 5 below. 
The schedule and heating zone set points are un-
editable within DEAP, so have therefore remained 
unchanged within the analysis of the DEAP models. 
Table 5 DEAP Heating Schedule (SEAI, 2012) 
Schedule Time 
Occupied 
Setpoint 
Living 
Areas 
Other 
Areas 
Weekdays 7am – 
9am 
5pm 
– 
11pm 
21℃ 18℃ 
Weekends 7am – 
9am 
5pm 
– 
11pm 
21℃ 18℃ 
 
The schedules of the buildings modelled in 
Revit and IES VE models have been modelled as per 
table 5, except for the houses highlighted in table 6. 
Table 6 Occupancy Schedule Deviations in Revit 
and IES Models 
Model 
House 
Time Occupied Setpoint 
Living 
Areas 
Other 
Areas 
A8&i, 
A10&i, 
A12&i 
6am – 
9am 
4pm – 
11pm 
21℃ 18℃ 
B5&i 7am – 
9am 
5pm – 
11pm 
23℃ 18℃ 
c) Simulation Runs and Results 
The reference parameter data for simulation 
runs and the corresponding results data tables for all 
model houses can be found in Appendix B of this 
report. 
d) Sensitivity Analysis 
For the sensitivity analysis of this project, the 
regression function with Microsoft Excel was used to 
perform the SRC. The results of which can be seen in 
Appendix B of this report. The SRC was performed 
for several iterations, each iteration removing all x 
functions that returned a p value of greater than 0.05. 
The final iteration coefficients were then used to plot 
charts to highlight the influential parameters. 
IV. Analysis of Results 
All model simulations have been assessed under 
the sensitivity analysis SRC. Each model simulation 
result is compiled within the tables 11-23 in appendix 
B. For the three software simulation data sets the SRC 
was run to determine the influential factors.  
The DEAP model SRC analysis indicated that 
the most influential variable parameter within this set 
is fabric heat loss. Parameters that were edited in the 
other software models such as occupancy profiles and 
lighting and power density are unchangeable within 
the DEAP software and have therefore not shown up 
on the SRC analysis. 
 
 
Figure 4 DEAP model data SRC analysis 
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The thermal envelop has been shown to be key 
in a sensitivity analysis of UK homes EPCs 
performed with the SAP software (Stone et al., 2014). 
But as the DEAP and SAP software’s have similar 
background calculations (SEAI, 2012), this 
correlation is to be expected.  
Other influencers are the overall building area, 
as found in a study on housing stock in Northern 
Europe (Itard & Meijer, 2008), and the living space 
area which has a higher heating zone setpoint to the 
rest of the house. Orientation of the PV array is also 
significant n the SRC analysis.  
The Revit model simulations carried out through 
the Autodesk Insight plugin have been the most in-
consistent of the three datasets. The SRC analysis in-
dicated that no parameters significantly interact, and 
that the null hypothesis is applicable.  
There is a delta of 13% in energy consumption 
between the identical houses A1 and A2, as modelled 
in Revit and assessed in Insight. The only explainable 
difference between the variance is the impact of adja-
cent buildings on the solar gains for building A2. As 
house A1 is located at the end of a street it has less 
shading, compared with house A2 which has two ad-
jacent buildings. For comparison, within DEAP and 
IES VE the delta between houses A1 and A2 is 3.7% 
and 0.7% respectively. 
Houses A5 and A6 are identical to houses A1 
and A2 but with equal improvements made to the ex-
terior wall u-value, thus decreasing the fabric heat 
loss of the buildings. The relationship between the 
two models should be like that of houses A1 and A2, 
but the difference in energy performance has inexpli-
cably increased from 13% to 195%. 
Table 7 Revit models comparison of similar houses 
House 1 House 2 UA 
Δ% 
kWhr/m²/yr 
Δ% 
A1 A2 - 13% 
A5 A6 7% 195% 
 
Evidence of the apparent lack of distinguishable 
correlation of variances in parameter shifts can be 
seen from figure 5 below and table 18 in appendix B, 
obtained from the SRC analysis. 
 
 
Figure 5 Revit model data SRC analysis 
The IES VE model SRC analysis has indicated 
that the most influential parameters are related to lo-
cation, occupancy and heating patterns, as shown in 
figure 6. Other key factors are the total floor plan and 
living space.  
 
Figure 6 IES VE model data SRC analysis 
The analysis within IES has shown that the 
houses located further south receive more solar irra-
diance that the northern counterparts, contributing to 
a reduction in electrical energy requirements.  
 
 
Figure 7 Solar irradiance by location 
The analysis shows that the houses modelled in 
the more southern region of the country benefits 
from warmer mean external temperatures, resulting 
in a reduced boiler energy demand. This is evident in 
the comparison of model A1 in Dublin and A1i in 
Kerry with an annual boiler energy demand of 25.7 
and 23.59 MWh respectively.  
 
 
Figure 8 Space heating requirements per region 
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Figure 8 shows the isolated space heating de-
mand for the two houses, highlighting the reduction 
in boiler energy requirements between the two re-
gions, as modelled with two distinct weather data 
files. 
Comparison between the B3 and B5 model sim-
ulations boiler load shows that a living space heating 
set point increase of 2℃ results in a 6% increased 
load for the 12th of February on the gas boiler serving 
the heating system. The difference in annual energy 
consumption between the two houses is shown to re-
sult in an increased energy consumption of 13.84 
kWhr/m²/yr. due to the increase of the set point in liv-
ing spaces.  This is enough to change the certificate 
from a B3 to a C1 energy rating.  
 
 
Figure 9 Space Heating Comparison in IES VE 
Table 8 and Figures 10 and 11 demonstrate the 
changes to lighting demand that is evident in the high-
lighted models.  
 
Table 8 Lighting Energy Demand for Glazing 
and Orientation Variances 
House Glaz-
ing 
Orienta-
tion (Liv-
ing Space) 
Lighting En-
ergy 
(kW/m²/yr) 
IES  DEAP 
A6 31m² N/NW 4.903 9.793 
A7 34m² N/NW 4.798 9.631 
A1 31m² N/NW 5.017 9.564 
A9 31m² S/SW 4.879 9.575 
 
Model Result Comparison IES  DEAP 
Δ Between 
houses 
A6 – A7 -2.1% -1.6% 
A1 – A9 -2.7% 0.1% 
 
Comparison of lighting energy demand from 
houses A6 and A7, where a glazing increase of 10% 
has occurred, in both IES and DEAP packages show 
a decrease in energy use for lighting of 2.1% and 
1.6% respectively.  
 
 
Figure 10 Lighting Demand Comparison in IES 
VE 
Comparison of lighting energy demand from 
houses A1 and A9, where there has been a change in 
orientation of the house, in both the IES and DEAP 
packages show a decrease in energy use for lighting 
of approximately 2.7% in IES but a 0.1% increase in 
energy in the DEAP package. 
As discussed in the literature review, the orien-
tation of living spaces to an east/west axis should re-
duce the artificial lighting demand. This aspect is 
more evident in the IES VE analysis than the DEAP 
analysis. 
 
Figure 11 Lighting Demand Comparison in IES 
VE 
V. Conclusions 
The model simulations carried out for the basis 
of analysis on this project have shown how select pa-
rameters can influence the energy performance of a 
building.  
As discussed previously, prebound and rebound 
effects have been shown to play a factor in building 
energy performance. It can be expected that heating 
setpoints will vary from house to house. The Revit 
and IES models have been edited to factor in changes 
to heating set points but this is not something that is 
permissible within DEAP. Figure 9 has highlighted 
how a change in heating zone setpoint of 2℃ in the 
living area can lead to a performance rating change of 
B3 to C1. 
The DEAP software calculates electrical load 
based upon the floor size of the building. As plug 
loads are not considered, the lighting is the main con-
tributor to the electrical energy consumption. IES VE 
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has a greater range of options for the control aspect of 
artificial lighting, with the ability to set illuminance 
levels for daylight dimming control devices and link-
ing the lighting usage with editable occupancy pro-
files. Modelled daylighting in IES VE, shown in fig-
ure 2 above, highlights how solar penetration will 
vary across a room dependant on the shape, depth, 
and shading. DEAP provides the user with the ability 
to factor in window size, light transmittance, orienta-
tion, and shading, but room depth cannot be mod-
elled. This factor is key for determining compliance 
with daylight requirements set out in Irish building 
regulations (BSI, 2008; Ireland, 2017).  
The IES VE simulations have been able to sim-
ulate the energy performance of new homes to a sim-
ilar degree of expected variance as the DEAP soft-
ware. Comparing the IES VE models from A1 to A2, 
A2 to A3, A3 to A4…. etc. there is an average delta 
of 5.1%. For DEAP and Revit/Insight this is 8.1% and 
326.6% respectively. What IES VE does offer is more 
power to the software user for building location, oc-
cupancy profiles and energy consumption schedules, 
something that is purposefully not considered by 
DEAP.  
IES VE is capable of quickly editing the orien-
tation and location for a building as well as adding in 
adjacent objects that impact on shading. DEAP has 
proved cumbersome in this regard and is more suited 
to energy analysis once building form, location and 
orientation are decided on. As shown in studies else-
where (Abanda & Byers, 2016; Stone et al., 2014), a 
well orientated and positioned building can reduce 
energy consumption, making the IES suite more suit-
able for early design stage analysis in order to max-
imise energy efficiency.  
The access to powerful software is not enough 
however, as user understanding of the tools and the 
intended design is crucial for energy performance 
analysis  (de Wilde, 2014; Dwyer, 2013; Tronchin & 
Fabbri, 2008). Without proper training the IES VE 
tool will be of no greater benefit than the DEAP soft-
ware for energy analysis of homes.  
The results obtained from the Revit models and 
Insight analysis have not provided a correlation of in-
teraction between the variable parameters and the en-
ergy demands. Through the research conducted for 
this paper, the findings would suggest that the Insight 
analysis tool lacks the consistency and reliability re-
quired for adoption in building energy analysis for 
BER certification.  
The IES VE software suite was found to provide 
a more comprehensive tool-set for the energy and en-
vironmental analysis of new homes, but with added 
layers of modelling complexity. The possibility of 
greater levels of accuracy are found to require de-
tailed occupancy patterns and behavioural infor-
mation, deviating from the assessment procedure of a 
standardized house. Though more limited in its capa-
bilities, the DEAP software was able to provide a 
similar consistency of expected energy consumption. 
Variable occupancy and heating schedule inputs devi-
ate from the standardized house method of assess-
ment and are unlikely to be considered for future iter-
ation or BER certification, but a more detailed list of 
geographical locations could be provided to allow for 
regional weather data to be utilized. 
Through the research and analysis conducted for 
this paper, the findings would suggest that specific 
BIM tools have the computational capability and reli-
ability to perform BER assessments in Ireland. The 
research has shown how BIM workflows can mitigate 
the need for unreliable data transfer and acquisition of 
specific building characteristics by unifying the de-
sign and analysis processes within shared working en-
vironments, providing a platform for concept stage it-
erative design and analysis feedback loops.  
The research and analysis has also shown how a 
wider range of occupancy and behavioural profiles 
can be incorporated into the energy analysis stages by 
using BIM software, a capability that could be used 
to reduce the energy performance gap of BERs.  
VI. Further Research 
The DEAP software is setup to provide clear 
graphical indication of conformity of assessed 
dwellings regarding maximum elemental u-values, 
renewable energy contributions, and primary energy 
use. Such readings are not presented within the BIM 
software Revit and IES VE. The possibility of 
developing a template file to graphically represent 
this compliance/non-compliance with the Irish 
building regulations Part L could be considered.  
Further research could assess the impacts of 
mechanical plant efficiency, variating dwelling 
ventilation strategy, and investigating alternative 
renewable energy sources to PV. 
Another aspect that could be varied further is the 
geographical location of the modelled houses for 
simulation and analysis. Further simulations could be 
undertaken to build up a body of work to highlight the 
variations in energy requirements for houses located 
in different regions throughout Ireland, and to assess 
how the building regulation would have to be altered 
to cater for regional variances in external 
environmental conditions. 
Socio-economic factors can be looked at to 
identify trends in home energy consumption. As 
discussed previously, household income can have a 
bearing on house size, occupancy composition, and 
behaviour towards energy use mitigation. Further 
research should seek to identify noticeable trends to 
propose variances for thermal and electrical energy 
consumption for new homes, based upon such factors.  
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VII. Appendices 
APPENDIX A- NOMENCLATURE 
ABBREVIATION DESCRIPTION 
AEC Architecture, Engineering, and Construction 
BA Building Floor Area 
BER Building Energy Rating 
BIM Building Information Modelling 
DEAP Dwelling Energy Assessment Procedure 
EC European Community  
EED Energy Efficiency Directive 
EL Lighting Density (W/m²) 
EP  Small Power Density 
EPBD Energy Performance Buildings Directive 
EPC  Energy Performance Certificate 
EPG  Energy Performance Gap 
EU European Union 
GA Glazing Area (m²) 
gbXML Green Building XML schema 
HS Heating Schedule 
HSP Living Space Set Point (℃) 
IES VE Integrated Environmental Solutions Virtual Environment 
IFC Industry Foundation Class schema 
LA Living Spaces Floor Area 
LO Building Location 
O No. Occupants 
ORL Orientation to North - Living Space 
PV  Photovoltaic 
S No. Storeys 
SEAI Sustainable Energy Authority of Ireland 
SRC Standardized Regression Coefficient 
SS No. Sheltered Sides 
UA Sum of Fabric Heat Loss (W/K) 
UNFCCC United Nations Framework Convention on Climate Change 
 
MSc in applied Building Information Modelling & Management  
P a g e  |  ii  
 
APPENDIX B- TABLES & CHARTS 
Table 9 New house maximum elemental U-value (Ireland, 2017) 
Maximum elemental U-value (W/m²K)1 
 
Fabric elements 
 
Area weighted average elemental U-value (UM) 
Roofs 
 
Pitched roof 
- Insulation 
at ceiling  
- Insulation 
at roof 
 
Flat roof 
 
 
 
 
0.16 
0.16 
 
 
0.2 
Walls 0.21 
Ground floors 0.21 
Other exposed 
floors 
0.21 
External doors, 
windows and 
roof lights 
1.62 
Notes: 
1. The U-value includes the effect of unheated voids or other spaces 
2. Windows, doors and rooflights should have a maximum U-value of 1.6 W/m²K when their com-
bined area is 25% of the floor area. However, U-values may be varied as set out in table 2 
Table 10 DEAP - Annual Solar Radiation (kWhr/m²/yr) (SEAI, 2017) 
Tilt of solar 
collector 
Orientation of collector 
South  SE/SW E/W NE/NW North 
Horizontal 963 
15° 1036 1005 929 848 813 
30° 1074 1021 886 736 676 
35° 1073 1010 853 675 596 
45° 1072 1005 837 644 556 
60° 1027 956 778 574 463 
75° 942 879 708 515 416 
Vertical 822 773 628 461 380 
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Sample houses have been generated by utilizing modern day new home floor plans as a design basis. These 
reference floor plans have been taken from a housing development in Dublin south-west (Residential, 2017) 
 
Figure 12 House Type A Floor Plans 
 
 
Figure 13 House Type B Floor Plans 
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Figure 14 House Type C Floor Plans 
 
Figure 15 Site Layout 
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Table 11 DEAP Model Parameter Data and Simulation Results 
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Table 12 Revit Model Parameter Data and Simulation Results 
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Table 13 IES VE Model Parameter Data and Simulation Results 
 
 
k
W
h
r
/m
²/
y
r
R
a
ti
n
g
A
1
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
5
.7
1
4
.8
0
1
2
2
.3
2
B
2
A
2
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
5
.8
7
4
.8
1
1
2
3
.1
3
B
2
A
3
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
4
.8
5
4
.7
9
1
1
8
.2
6
B
2
A
4
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
5
.0
5
4
.7
9
1
1
9
.2
2
B
2
A
5
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
6
.3
7
5
2
4
.6
8
4
.7
9
1
1
7
.4
6
B
2
A
6
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
6
.3
7
5
2
4
.8
8
4
.7
9
1
1
8
.4
3
B
2
A
7
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
4
.6
8
4
.7
7
1
1
7
.4
0
B
2
A
8
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
5
.2
7
5
.9
6
1
2
5
.6
8
B
3
A
9
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
4
.6
0
4
.7
9
1
1
7
.2
7
B
2
A
1
0
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
5
.2
3
5
.9
7
1
2
5
.7
1
B
3
A
1
1
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
4
.9
2
4
.8
0
1
1
8
.8
7
B
2
A
1
2
5
3
.3
6
.4
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
5
.0
5
5
.9
7
1
2
4
.9
2
B
2
B
1
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
9
1
.1
6
9
2
3
.4
6
4
.0
6
1
3
3
.4
7
B
3
B
2
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
8
0
.7
7
2
2
2
.9
2
3
.9
8
1
2
9
.9
0
B
3
B
3
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
9
1
.1
6
9
2
4
.4
6
4
.0
6
1
3
9
.2
5
B
3
B
4
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
7
9
.2
5
1
2
2
.8
6
3
.9
8
1
2
9
.5
3
B
3
B
5
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
9
1
.1
6
9
2
5
.9
9
4
.0
8
1
4
8
.1
4
B
3
B
6
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
7
9
.2
5
1
2
2
.8
9
4
.0
7
1
3
0
.1
3
B
3
B
7
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
7
1
.4
6
3
5
2
7
.0
2
9
1
.1
6
9
2
1
.7
9
4
.0
7
1
2
4
.8
7
B
2
B
8
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
7
9
.2
5
1
2
3
.0
7
4
.0
9
1
3
2
.3
9
B
3
B
9
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
9
1
.1
6
9
2
3
.3
0
4
.0
6
1
3
3
.5
6
B
3
B
1
0
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
7
3
.9
8
7
2
2
.8
7
4
.0
9
1
3
1
.2
5
B
3
C
1
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
7
.4
5
3
5
2
7
.0
2
1
1
4
.5
9
5
2
4
.5
6
4
.0
6
1
4
0
.8
6
B
3
C
2
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
7
.4
5
3
5
2
7
.0
2
9
5
.2
6
6
2
3
.9
3
4
.0
7
1
3
6
.1
5
B
3
C
3
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
7
.4
5
3
5
2
7
.0
2
9
5
.2
6
6
2
6
.5
8
4
.0
7
1
5
1
.6
2
C
1
C
4
5
3
.3
6
.4
3
1
7
2
.7
4
9
2
.8
4
3
7
.4
5
2
3
2
7
.0
2
9
5
.2
6
6
2
7
.1
2
3
.1
6
1
4
9
.7
3
B
3
A
1
i
5
1
.9
1
0
.2
5
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
3
.5
9
4
.8
4
1
1
1
.7
4
B
2
A
2
i
5
1
.9
1
0
.2
5
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
3
.7
6
4
.8
1
1
1
2
.4
0
B
2
A
3
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
4
.5
8
4
.8
4
1
1
7
.7
0
B
2
A
4
i
5
1
.9
1
0
.2
5
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
2
.7
7
4
.8
3
1
0
7
.8
6
B
2
A
5
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
6
.3
7
5
2
4
.5
8
4
.8
2
1
1
7
.5
9
B
2
A
6
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
6
.3
7
5
2
4
.8
0
4
.8
5
1
1
8
.7
9
B
2
A
7
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
4
.5
8
4
.8
3
1
1
7
.6
7
B
2
A
8
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
5
.1
6
6
.0
4
1
2
5
.9
9
B
3
A
9
i
5
1
.9
1
0
.2
5
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
2
.6
3
4
.8
5
1
0
7
.6
7
B
2
A
1
0
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
5
.1
0
6
.0
3
1
2
6
.0
0
B
3
A
1
1
i
5
1
.9
1
0
.2
5
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
1
.1
3
8
9
.9
9
9
2
2
.9
8
4
.8
5
1
0
9
.3
2
B
2
A
1
2
i
5
5
.4
7
.3
3
2
1
4
.3
5
6
8
.4
9
3
7
.4
5
3
5
3
3
.8
7
9
0
.3
6
2
2
4
.9
3
6
.0
3
1
2
5
.2
8
B
3
B
1
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
9
1
.1
6
9
2
1
.6
4
4
.1
2
1
2
2
.1
7
B
2
B
2
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
8
0
.7
7
2
2
1
.2
1
4
.1
3
1
1
9
.7
3
B
2
B
5
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
9
1
.1
6
9
2
4
.3
3
4
.1
3
1
3
7
.8
9
C
1
B
6
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
7
9
.2
5
1
2
1
.2
5
4
.1
3
1
2
0
.0
7
B
2
B
7
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
7
1
.4
6
3
5
2
7
.0
2
9
1
.1
6
9
2
0
.0
5
4
.1
2
1
1
2
.5
6
B
2
B
1
0
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
5
.7
3
3
5
2
7
.0
2
7
3
.9
8
7
2
1
.3
2
4
.1
3
1
1
9
.9
8
B
2
C
1
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
7
.4
5
3
5
2
7
.0
2
1
1
4
.5
9
5
2
2
.6
5
4
.1
2
1
2
7
.6
2
B
3
C
2
i
5
1
.9
1
0
.2
5
1
7
2
.7
4
9
2
.8
4
3
7
.4
5
3
5
2
7
.0
2
9
5
.2
6
6
2
2
.1
5
4
.1
4
1
2
5
.2
9
B
3
G
la
zi
n
g
 m
²
F
a
b
r
ic
 L
o
s
s
 
(W
/K
)
A
n
n
u
a
l 
N
a
tu
r
a
l 
G
a
s
 (
M
W
h
r
/y
r
)
A
n
n
u
a
l 
E
le
c
tr
ic
it
y
 
(M
W
h
r
/y
r
)
M
o
d
e
l
B
E
R
 
L
a
ti
tu
d
e
L
o
n
g
it
u
d
e
A
r
e
a
 m
²
V
o
lu
m
e
 m
³
L
ig
h
ti
n
g
 (
W
/m
²)
P
lu
g
 L
o
a
d
 (
W
/m
²)
m
²/
p
e
r
s
o
n
MSc in applied Building Information Modelling & Management  
P a g e  |  viii  
 
Table 14 DEAP Models SRC Regression Statistics 
Regression Statistics 
Multiple R 0.958808842 
R Square 0.919314395 
Adjusted R Square 0.903945708 
Standard Error 2.491161828 
Observations 26 
 
Table 15 DEAP Models SRC Anova 
ANOVA                 
  df SS MS F 
Signifi-
cance F       
Regression 4 1484.879 371.22 59.8174 3.5385E-11       
Residual 21 130.3236 6.20589           
Total 25 1615.203             
                  
  
Coeffi-
cients 
Standard 
Error t Stat P-value Lower 95% 
Up-
per 
95% 
Lower 
95.0% 
Upper 
95.0%   
Intercept 58.009485 10.10439 5.74102 1.1E-05 36.9962641 79.02 36.996 79.02 
BA 
-
0.2602028 0.03407 -7.6372 1.7E-07 -0.3310559 -0.19 -0.331 -0.189 
LA 0.2527921 0.024524 10.308 1.1E-09 0.20179195 0.304 0.2018 0.304 
UA 0.4029864 0.063677 6.3286 2.8E-06 0.27056273 0.535 0.2706 0.535 
ORPV 
-
0.0259717 0.011989 -2.1663 0.04194 -0.0509044 -0 -0.051 -0.001 
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Table 16 DEAP Models SRC Outputs 
RESIDUAL OUTPUT   PROBABILITY OUTPUT 
Observation 
Predicted 
Combined 
Totals 
(kWhr/yr) Residuals 
Standard 
Residuals   Percentile 
Combined 
Totals 
(kWhr/yr) 
A1 90.41766381 -2.34415 -1.0267   1.923077 86.783013 
A2 90.41766381 0.918422 0.40225   5.769231 87.956198 
A3 90.41766381 -0.04247 -0.0186   9.615385 88.023237 
A4 90.41766381 0.946355 0.41449   13.46154 88.073516 
A5 87.19377287 0.829464 0.36329   17.30769 88.915739 
A6 87.19377287 1.818291 0.79638   21.15385 89.012063 
A7 89.20870471 -1.25251 -0.54858   25 90.012063 
A8 89.20870471 -2.42569 -1.06241   28.84615 90.375192 
A9 92.75511259 -0.6859 -0.30041   32.69231 90.548832 
A10 91.54615349 5.269514 2.30796   36.53846 91.131566 
A11 92.75511259 -1.49724 -0.65577   40.38462 91.257874 
A12 91.54615349 -1.53409 -0.67191   44.23077 91.336086 
B1 99.21382887 -2.12543 -0.9309   48.07692 91.364019 
B2 92.36306064 -1.23149 -0.53938   51.92308 92.069215 
B3 106.7975925 -0.04013 -0.01758   55.76923 92.793437 
B4 91.5570879 -1.00826 -0.4416   59.61538 93.030847 
B5 109.1350413 -0.75887 -0.33237   63.46154 93.282645 
B6 93.89453669 -1.1011 -0.48226   67.30769 95.61358 
B7 106.7975925 -0.09768 -0.04278   71.15385 96.815667 
B8 91.5570879 1.473759 0.64548   75 97.088401 
B9 99.21382887 7.486082 3.27879   78.84615 106.69991 
B10 88.33319697 0.582542 0.25514   82.69231 106.69991 
C1 98.91344038 -3.29986 -1.44529   86.53846 106.75747 
C2 93.5941482 -0.3115 -0.13643   90.38462 108.37617 
C3 110.7216928 -0.18725 -0.08201   94.23077 110.53444 
C4 113.0591416 0.619187 0.27119   98.07692 113.67833 
 
Table 17 Revit Models SRC Regression Statistics 
 
Regression Statistics 
Multiple R 0.348730942 
R Square 0.12161327 
Adjusted R Square 0.001833261 
Standard Error 12167.23355 
Observations 26 
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Table 18 Revit Models SRC Anova 
ANOVA                 
  df SS MS F 
Significance 
F       
Regres-
sion 3 4.51E+08 1.5E+08 1.01531 0.40481601       
Residual 22 3.26E+09 1.48E+08           
Total 25 3.71E+09             
                  
  Coeffi-
cients 
Standard 
Error t Stat P-value Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0%   
Intercept 3378.84675 32823.99 0.102938 0.91894 -64693.939 71451.6 -64694 71451.6 
SS -4381.0352 3421.549 -1.28042 0.21373 -11476.894 2714.82 -11477 2714.82 
O 2952.15296 4164.832 0.708829 0.48587 -5685.1793 11589.5 
-
5685.2 11589.5 
HS 1747.11989 3975.599 0.439461 0.66461 -6497.7682 9992.01 
-
6497.8 9992.01 
 
Table 19 IES VE Models SRC Regression Statistics 
Regression Statistics 
Multiple R 0.913999128 
R Square 0.835394406 
Adjusted R Square 0.810070468 
Standard Error 4.688899454 
Observations 46 
 
Table 20 IES VE Models SRC Anova 
ANOVA                 
  df SS MS F 
Significance 
F       
Regression 6 4351.644606 725.274101 32.98833 8.24061E-14       
Residual 39 857.4453456 21.9857781           
Total 45 5209.089952             
                  
  Coeffi-
cients 
Standard Er-
ror t Stat P-value Lower 95% Upper 95% 
Lower 
95.0% 
Upper 
95.0%   
Intercept 20.493913 39.82455834 0.51460491 0.6097333 -60.05885935 101.046686 -60.0589 101.0467 
Loc -3.4370902 0.989948239 -3.4719898 0.0012785 -5.439449503 -1.4347309 -5.43945 -1.43473 
BA -0.3989157 0.057522803 -6.9349136 2.633E-08 -0.515266522 -0.2825648 -0.51527 -0.28256 
LA 0.2375164 0.037290449 6.36936198 1.59E-07 0.162089315 0.31294342 0.162089 0.312943 
O 7.2758459 1.543198169 4.71478391 3.067E-05 4.154432976 10.3972588 4.154433 10.39726 
HS 5.1332051 1.113703906 4.60912915 4.263E-05 2.88052636 7.38588391 2.880526 7.385884 
HSP 4.7249392 1.790962491 2.63821228 0.0119123 1.102375667 8.3475028 1.102376 8.347503 
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Table 21 IES VE Models SRC Outputs 
RESIDUAL OUTPUT 
Observation Predicted Y Residuals Standard Residuals 
1 118.76599 3.553836241 0.814142535 
2 118.76599 4.367182018 1.000470589 
3 118.76599 -0.50500717 -0.115691268 
4 118.76599 0.45770857 0.104855708 
5 118.76599 -1.30342061 -0.298598498 
6 118.76599 -0.33790506 -0.077410117 
7 118.76599 -1.36968286 -0.313778408 
8 129.0324 -3.3532654 -0.768194089 
9 118.76599 -1.4990986 -0.343426047 
10 129.0324 -3.32593818 -0.76193374 
11 118.76599 0.100409829 0.023002724 
12 129.0324 -4.11467053 -0.942623146 
13 128.85277 4.617289912 1.057767398 
14 128.85277 1.045261632 0.239457279 
15 137.76334 1.490059885 0.341355383 
16 128.85277 0.676420326 0.154960027 
17 147.21322 5.881449069 1.347371553 
18 128.85277 6.230049667 1.427231894 
19 120.18184 4.692304519 1.074952372 
20 128.85277 3.53542669 0.809925121 
21 128.85277 4.709696969 1.07893678 
22 128.85277 2.39821425 0.549402982 
23 136.15075 4.704591387 1.07776715 
24 136.15075 0.00068644 0.000157255 
25 149.51092 2.104743012 0.482172136 
26 149.51092 0.222597409 0.050994477 
27 115.3289 -3.58631295 -0.821582572 
28 115.3289 -2.93376785 -0.672092081 
29 111.89181 5.810650309 1.331152381 
30 115.3289 -7.46433248 -1.709991726 
31 111.89181 5.694878102 1.304630315 
32 111.89181 6.899264476 1.580541221 
33 111.89181 5.780272409 1.324193157 
34 122.15822 3.831776273 0.877815363 
35 115.3289 -7.65696173 -1.754120845 
36 122.15822 3.839808788 0.879655518 
37 115.3289 -6.00771264 -1.376297067 
38 122.15822 3.12228905 0.715280094 
39 125.41568 -3.24802164 -0.744083968 
40 125.41568 -5.68689068 -1.30280049 
41 143.77613 -5.88144907 -1.347371553 
42 125.41568 -5.3503425 -1.225701218 
43 116.74475 -4.18944816 -0.959753831 
44 125.41568 -5.43757666 -1.245685548 
45 132.71366 -5.09352791 -1.166867983 
46 132.71366 -7.42153454 -1.700187215 
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Table 22 Model Simulation Runs Parameter Variations 
 
 
Legend
Model Location Storeys
Sheltered 
Sides
Floor 
Plan m²
Living 
Space 
Northing °
PV Panels 
Northing °
Htg Sch 
Hrs
No. 
Occupants
Living 
Space m²
Heating 
Setpoint °C
Lighting 
W/m²
Power 
W/m²
Glazing m²
Fabric Loss 
W/m²K
Total Changes 
from Baseline
A1 x x x x x x x x x x x x x x 0
A1i o x x x x x x x x x x x x x 1
A2 x x o x x x x x x x x x x x 1
A2i o x o x x x x x x x x x x x 2
A3 x x o x x x x x x x x x x x 1
A3i o x o x x x x x x x x x x x 2
A4 x x o x x x x x x x x x x x 1
A4i o x o x x x x x x x x x x x 2
A5 x x o x x x x x x x x x x o 2
A5i o x o x x x x x x x x x x o 3
A6 x x o x x x x x x x x x x o 2
A6i o x o x x x x x x x x x x o 3
A7 x x o x x x x x x x x x o o 3
A7i o x o x x x x x x x x x o o 4
A8 x x o x x x o x x x x x o o 4
A8i o x o x x x o x x x x x o o 5
A9 x x x x o o x x x x x x x x 2
A9i o x x x o o x x x x x x x x 3
A10 x x o x o o o x x x x x o o 6
A10i o x o x o o o x x x x x o o 7
A11 x x x x o o x x x x x x x x 2
A11i o x x x o o x x x x x x x x 3
A12 x x o x o o o x x x x x o o 6
A12i o x o x o o o x x x x x o o 7
B1 x o o o o x x o x x x x x o 6
B1i o o o o o x x o x x x x x o 7
B2 x o o o o x x o x x x x x o 6
B2i o o o o o x x o x x x x x o 7
B3 x o o o o x x o o x x x x o 7
B4 x o o o o x x o x x x x x o 6
B5 x o x o o o x o o o x x x o 8
B5i o o x o o o x o o o x x x o 9
B6 x o x o o o x o x x x x x o 6
B6i o o x o o o x o x x x x x o 7
B7 x o o o x x x o o x x x x o 6
B7i o o o o x x x o o x x x x o 7
B8 x o o o x x x o x x x x x o 5
B9 x o o o x x x o x x x x x o 5
B10 x o x o x x x o x x x x x o 4
B10i o o x o x x x o x x x x x o 5
C1 x o o o x x x o o x x x x o 6
C1i o o o o x x x o o x x x x o 7
C2 x o x o o o x o o x x x x o 7
C2i o o x o o o x o o x x x x o 8
C3 x o o o o x x o o x x x x o 7
C4 x o x o o o x o o x o o x o 9
x - unchanged from baseline
o - changed from baseline
